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REFRIGERATED COMPARTMENT WITH CONTROLLER TO PLACE 
REFRIGERATION SYSTEM IN SLEEP-MODE 

BACKGROUND OF THE INVENTION 

[1] The present invention relates generally to a refrigerated compartment including a 

controller that places a refrigeration system in a sleep-mode for a predetermined amount 
of time in response to a signal. 

[2] Restaurants, kitchens and food preparation areas commonly include a cooler or 

freezer having a refrigerated compartment in which perishable items and food, such as 
vegetables, meats, and dairy products, are stored. The refrigerated compartment is cooled 
by a remote refrigeration system. The refrigerated compartment is continuously accessed 
for cleaning, to retrieve food, and to store food. 

[3] During replenishment of the refrigerated compartment, warm air can enter the 

refrigerated compartment, possibly exposing the food to temperatures above the safe 
limits set by the governing food safety bodies (such as the Food and Drug 
Administration) and causing spoilage. During replenishment, the refrigeration system 
continues to operate to maintain the temperature in the refrigerated compartment. 

[4] Most local and national codes require that the evaporators in the refrigerated 

compartment have an electrical disconnect switch that allow the evaporator fan to be 
turned off when the evaporators are serviced for extended periods of time. The main 
power to the refrigeration system can also be turned off. For example, the refrigeration 
system is commonly turned off during cleaning to prevent water from freezing on the 
evaporator. 

[5] Employees occasionally turn off the evaporator fan and the refrigeration system to 

prevent cold air from blowing on them when stocking items in the refrigerated 
compartment. In certain applications, the refrigeration system is independent of the 
evaporator fan, and the employee may not have access to the electrical disconnect for the 
refrigeration system when the power to the evaporator fan is turned off. 

[6] When the evaporator fan and the refrigeration system are off, the temperature in 

the refrigerated compartment increases. If the employee forgets to activate the 
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refrigeration system and the evaporator fan after leaving the refrigerated compartment, 
the temperature in the refrigerated compartment continues to increases, possibly putting 
the food at risk of spoiling. 

In prior refrigerated compartments, the disconnect switch to the evaporator fan is 
not always wired correctly and may not allow the normally closed liquid line solenoid 
valve to close. This can cause slugs of liquid refrigerant to flood the compressor, 
possibly causing compressor failure and a complete shutdown of the refrigeration system. 
By the time the compressor failure is detected, the temperature of the refrigerated 
compartment can increase. Incorrectly shutting down the refrigeration system and 
restoring operation, or leaving the refrigeration system off for an extended period of time, 
also causes heavy power or demand use of kilowatts (kW) during the pull down mode. 

There is a need for a refrigerated compartment that enters a sleep-mode and blows 
cool air into the refrigerated compartment after a predetermined amount of time and 
overcomes the other disadvantages of the prior art. 

SUMMARY OF THE INVENTION 

[9] A refrigeration system is employed to cool a refrigerated compartment in a 

restaurant or kitchen. Refrigerant is compressed in a compressor to a high pressure and a 
high enthalpy. The compressed refrigerant is cooled in a condenser and expanded to a 
low pressure in an expansion device. The refrigerant then flows through an evaporator 
and cools the air in the refrigerated compartment. The refrigerant then returns to the 
compressor, completing the cycle. The refrigeration compartment includes an electronic 
refrigeration controller that controls various aspects of the refrigerated compartment, 
including the temperature. 

[10] When an employee stocks or removes inventory from the refrigerated 

compartment, the employee presses a push button to place the refrigeration system in a 
sleep-mode. The refrigeration system is safely shut down and the evaporator is turned off 
to stop cool air from blowing into the refrigerated compartment and on the employee. 
After a predetermined amount of time, the sleep-mode ends and the refrigeration system 
and the evaporator fan is activated to cool the refrigerated compartment, ensuring that the 
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temperature of the refrigerated compartment does not elevate above a critical temperature 
for an extended period of time. 
[11] These and other features of the present invention will be best understood from the 

following specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[12] The various features and advantages of the invention will become apparent to 

those skilled in the art from the following detailed description of the currently preferred 
embodiment. The drawings that accompany the detailed description can be briefly 
described as follows: 

[13] Figure 1 schematically illustrates a refrigeration system utilized to cool the 

refrigerated component of the present invention; 
[14] Figure 2 schematically illustrates a graph showing the effect of improperly 

shutting down and starting up a refrigeration system with regard to the average kilowatt 

demand of equipment as a function of time; and 
[15] Figure 3 schematically illustrates a graph showing the effect of improperly 

shutting down and starting up a refrigeration system with regarding to the temperature of 

the inventory as a function of time. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[16] As schematically illustrated in Figure 1, a refrigeration system 20 is employed to 

cool a refrigerated compartment 30. The refrigerated compartment 30 can be a freezer or 
a refrigerator in a kitchen or restaurant that cools and stores perishable items, such as 
food. However, it is to be understood that other uses are possible. For example, the 
refrigerated compartment 30 can be a display case or a service cabinet that stores items in 
a preparation area before use. Alternately, the refrigerated compartment 30 can be used 
for scientific or medical applications. 

[17] Refrigerant is compressed in a compressor 22 to a high pressure and a high 

enthalpy. The compressed refrigerant then flows through a condenser 24 and is cooled. 
The high pressure and low enthalpy refrigerant is then expanded to a low pressure in an 
expansion device 26. The expansion device 26 can be an electronic expansion valve, or 



any other type of expansion device. After expansion, the refrigerant flows through an 
evaporator 28 and accepts heat from the air in the refrigerated compartment 30. A fan 32 
blows a fluid over the evaporator 28, and the fluid rejects heat to the refrigerant in the 
evaporator 28, heating the refrigerant and cooling the fluid in the refrigerated 
compartment 30. In one example, the fluid is air. The refrigeration system 20 can also 
include more than one evaporator 28 (i.e., master-slave). If more than one evaporator 28 
is employed, the evaporators 28 can operate independently and at different times. That 
is, one evaporator 28 can be operating when the other evaporator 28 is not operating. The 
refrigerant then returns to the compressor 22, completing the cycle. 
[18] The evaporator fan 32 circulates the fluid in the refrigerated compartment 30 

separately from the refrigeration system 20. Therefore, the fan 32 can operate when the 
refrigeration system 20 is not operating. The fluid can also circulate by natural 
convection. 

[19] In one example, the cooler compartment 30 includes a door 34 that allows access 

to the refrigerated compartment 30. When food is to be added to or removed from the 
refrigerated compartment 30, the door 34 is opened to allow access to the refrigerated 
compartment 30. However, it is possible that the refrigerated compartment 30 does not 
include a door 34, such as if the refrigerated compartment 30 is a display case. 

[20] The refrigeration system 20 includes an electronic refrigeration controller 42 

having a timed circuit feature. The electronic refrigeration controller 42 controls various 
aspects of the refrigerated compartment 30, including the temperature. A push button 36 
is located either near the evaporator 28 or near the entrance to the refrigerated 
compartment 30. Although one push button 36 is illustrated and described, it is to be 
understood that more than one push button 36 can be employed. Preferably, the push 
button 36 is incorporated into an existing Guardian electronic refrigeration control by 
Parker-Hannifinn. 

[21] When an employee stocks or removes food from the refrigerated compartment 30, 

the employee pushes the push button 36 to stop cool air from blowing into the 
refrigerated compartment 30. When the push button 36 is pressed, a "sleep-mode" is 
activated through the electronic refrigeration controller 42 to stop cool air from blowing 
into the refrigerated compartment 30. 



[22] The refrigeration system 20 is safely shut down for a predetermined amount of 

time when the sleep-mode is activated. A solenoid valve 40 is located between the 
condenser 24 and the expansion valve 26. When the sleep-mode is activated, the 
controller 42 provides a signal to close the solenoid valve 40 and the expansion device 
26, decreasing the suction pressure of the refrigerant entering the compressor 22. The 
compressor 22 shuts off by a low-pressure switch. The refrigerant is then pumped out of 
the low-side of the refrigeration system 20, preventing flooding of the compressor 22 
when the refrigeration system 20 is turned on again. Although a solenoid valve 40 is 
illustrated and described, it is to be understood that the refrigeration system 20 can be 
safely shut down without a solenoid valve 40. In this example, the refrigeration system 
20 is safely shut down by closing the expansion device 26. In the present invention, the 
refrigeration system 20 is safely shut down and restarted under low load, providing an 
energy savings. 

[23] The evaporator fan 32 is also turned off when the sleep-mode is activated to stop 

cool air from blowing into the refrigerated compartment 30. Preferably, both the 
evaporator fan 32 and the refrigeration system 20 are shut down simultaneously to stop 
cool air from blowing in the refrigerated compartment 30. However, it is to be 
understood that the evaporator fan 32 and the refrigeration system 20 can be shut down 
independently to stop cool air from blowing into the refrigerated compartment 30. 

[24] After the predetermined amount of time, the sleep-mode ends and the refrigerated 

compartment 30 is again cooled, ensuring that the refrigerated compartment 30 does not 
elevated above a critical temperature. The controller 42 sends a signal to open the 
solenoid valve 40 and the expansion valve 26, starting the refrigeration system 20. The 
controller 42 energizes and opens the solenoid valve 40, allowing refrigerant to enter the 
compressor 22. Because the refrigeration was pumped out of the low side of the 
refrigeration system 20 when the solenoid valve 40 and the expansion valve 26 were 
closed, the refrigerant does not flood the compressor 20. The controller 42 also activates 
the evaporator fan 32 to again blowing cool air over the evaporator 28 and into the 
refrigerated compartment 30. 

[25] Operators of the kitchen or restaurant can program the duration of the sleep-mode 

into the electronic refrigeration controller 42. Alternately, the duration of the sleep-mode 



can be programmed when the electronic refrigeration controller 42 is manufactured. The 
duration can be programmed on. site at the kitchen or restaurant or remotely. In one 
example, the duration of the sleep-mode is between 5 minutes and 120 minutes. For 
example, if the refrigerated compartment 30 is employed in a restaurant or kitchen and 
usually turned off during cleaning or replenishment, the sleep-mode can be programmed 
to be between 15 minutes and 30 minutes in duration. The sleep-mode can have a longer 
duration, such as between 8 hours and 48 hours, for example if the sleep-mode is to occur 
over a weekend. It is to be understood that the sleep-mode can have other durations 
depending on the application. 

[26] By properly shutting down the refrigeration system 20 and the evaporator fan 32, 

the average kilowatt demand of the equipment in the refrigeration system 20 is kept low. 
By keeping the kilowatt demand low, the surface temperature of the items in the 
refrigerated compartment 30 can be kept low. 

[27] Figure 2 schematically illustrates the effect of improperly shutting down and 

starting up the refrigeration system 20 with regard to the average kilowatt demand of the 
equipment as a function of time over a four-hour time frame. The duration of time 
between each point is 15 minutes. At point 1, the refrigeration system 20 is improperly 
shut down. At this time, approximately 3.80 kilowatts is drawn. At point 10, the 
refrigeration system 20 is turned back on. At point 11, there is a high kilowatt draw 
because the compressor 22 must pull down the large refrigeration load entering the 
compressor 22. The average kilowatt draw does not return to the beginning average of 
3.80 kilowatts until point 18. That is, the kilowatt draw does not return to the beginning 
average of 3.80 kilowatts until 1.75 hours after the compressor 22 turns back on. As 
show in Figure 3, during this time, the surface temperature of the items in the refrigerated 
compartment 30 increases. In the present invention, the refrigeration system 20 and the 
evaporator fan 28 are properly shut down, avoiding a large kilowatt average and 
preventing the surface temperature of the items in the refrigerated from increasing. 

[28] The sleep-mode can be interrupted by again pressing the push button 36. The 

solenoid valve 40 and the expansion valve 26 open to allow refrigerant to enter the 
compressor 22. The fan 32 of the evaporator 28 is also activated to blow cool air into the 
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refrigerated compartment 30. By pressing the push button 36, the sleep-mode ends 
before the predetermined time. 

[29] A programming algorithm limits the number of times that the sleep-mode can be 

activated in a given time frame. If a person presses the push button 36 after the sleep- 
mode has ended to again start a sleep-mode, the sleep-mode will not begin again until a 
temperature sensor 38 detects that the cooler compartment 30 has reached a 
predetermined temperature for a predetermined amount of time. When the temperature 
sensor 38 detects that the temperature in the refrigerated compartment 30 exceeds the 
predetermined temperature, the sleep-mode can again be initiated. 

[30] Alternately, the electronic refrigeration controller can limit the duration of 

sequential sleep-modes to ensure that the refrigerated space 30 is not left without 
refrigeration for too long. The number of times that sleep-mode can be initiated in a 
given time frame can also be limited. 

[31] The events relating to the activation of the sleep-mode, the duration of the sleep- 

mode, and the temperature in the refrigerated compartment 30 are logged and monitored. 
The time and date associated with these events are also logged. This information can be 
accessed on site or remotely. 

[32] The foregoing description is only exemplary of the principles of the invention. 

One skilled in the art would understand that many modifications and variations of the 
present invention are possible in light of the above teachings. The preferred 
embodiments of this invention have been disclosed, however, so that one of ordinary skill 
in the art would recognize that certain modifications would come within the scope of this 
invention. It is, therefore, to be understood that within the scope of the appended claims, 
the invention may be practiced otherwise than as specifically described. For that reason 
the following claims should be studied to determine the true scope and content of this 
invention. 
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